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Hypertonic saline may be effective not only in cystic fibrosis but also in other chronic airway diseases
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Plugging of the airways by excessive mucus is an important contributor to morbidity and mortality in
chronic airway diseases (e.g. cystic fibrosis (CF), chronic obstructive pulmonary disease (COPD),
bronchiectasis and primary ciliary dyskinesia (PCD)) [1]. Such findings are the basis for the major interest
in drugs that reduce mucus content in airways by targeting mucus production [2] or by increasing
clearance of mucus [3]. A single aerosol of hypertonic saline (HS) was shown to enhance clearance of
airway secretions in humans >40 years ago [4], and a randomised control trial reported >10 years ago
found that long-term nebulisation of HS resulted in decreased rates of pulmonary exacerbations in patients
with CF [5]. However, the mechanisms underlying enhanced clearance of airway mucus and clinical
benefits have not been fully elucidated [6]. In vitro studies supported the hypothesis that HS increased
mucociliary clearance, as the administration of HS increased the volume of airway surface liquid (ASL) in
cultured airway epithelial cells, an effect that was larger and more prolonged in cultures from patients with
CF than in cultures of controls [7]. Based on these experimental and clinical results, HS is now used in
many countries for the treatment of patients with CF [8]. However, there is only limited evidence that HS is
effective in other chronic airway diseases. For example, the small number of studies comparing the effects of
hypertonic versus isotonic saline in (non-CF) bronchiectasis yielded conflicting results [9, 10], and a recent
3-month crossover trial in patients with PCD found no effect on quality of life and lung function [11]. At
first glance, it may be concluded that beneficial effects of HS in airway epithelium are limited to CF airways,
with only limited effects in non-CF airways, due to altered ion transport in CF epithelium. However, it has
been hypothesised that increase in the magnitude of effects of HS in CF versus normal epithelial cells is not
related to cystic fibrosis transmembrane conductance regulator dysfunction itself, but to increased water
retention [12] by the hyperconcentrated mucus that is found in CF airways [13, 14].

In the current issue of the European Respiratory Journal, GORALSKI et al. [15] present the results of an
original study in which the authors developed an in vitro aerosolisation system in primary cultures of
airway epithelial cells grown at the air–liquid interface. Their primary goal was to mimic in vivo aerosol
delivery rates of HS to the airway epithelium with the aims of 1) studying the kinetics of HS on airway
surface hydration, and 2) proposing strategies to improve efficacy of HS in the treatment of chronic airway
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diseases. The authors first studied non-CF airway epithelial cells with normal (2%) mucus content
(obtained by daily washing of secreted airway mucus at the apical surface). In this model, they showed that
HS nebulisation resulted in rapid increase in ASL height that was paralleled by a decrease in epithelial cell
height, suggesting an osmotic transfer of water from epithelial cells to the ASL, at least in part via
aquaporin-mediated increase in cellular water permeability. The effect on ASL was only transient, as ASL
reabsorption started immediately at the end of the aerosol, and ASL height returned to baseline within 1 h;
epithelial cell height did not return to baseline within 4 h following HS administration and the effect of a
second nebulisation of HS on ASL was blunted, presumably due to the absence of cell volume regulation
mechanisms. Interestingly, a nebulisation of hypotonic saline after a first HS nebulisation restored the ASL
response to a second HS nebulisation. The effect of various HS nebulisation protocols (mimicking the
rates of nebulisation obtained with a jet nebuliser or a vibrating mesh nebuliser) in airway epithelial cells
suggested that the currently used nebulisation protocols produced appropriate increase in ASL, whereas
slower rates of nebulisation were less effective.

Next, GORALSKI et al. [15] studied the effects of HS in non-CF airway epithelial cells with high (12%) ASL
mucus content (generated by leaving the apical surface of the epithelial cells unwashed for 2 weeks). The
authors showed that the change in ASL height following nebulisation of HS was markedly increased in
hyperconcentrated (12%) mucus cultures compared to normal (2%) mucus cultures. ASL reabsorption,
which also started immediately after the end of nebulisation, was slower in hyperconcentrated mucus
cultures and total duration of ASL volume expansion was approximately double that of normal mucus
cultures. In marked contrast with normal mucus cultures, a second nebulisation of HS produced an ASL
response similar to the first administration. These effects in non-CF cells with hyperconcentrated mucus
were comparable to those previously reported in CF cells. Based on these findings, the authors suggested that
repetitive HS dosing, which is currently used in CF patients [5], may be an efficient strategy in patients with
highly concentrated mucus contents (presumably those patients with severe diseases, including CF), but that
other strategies (e.g. delivering hypotonic saline in between HS nebulisations) may be required to optimise
the effectiveness of HS in patients with lower mucus contents (and milder diseases).

The studies by GORALSKI et al. [15] are most welcome in that they provide interesting insights into the
mechanistic effects underlying the effects of HS in non-CF airway epithelium and suggest the possibility of
extending the use of HS from CF to other chronic airway diseases, including bronchiectasis and COPD.
However, several limits may exist to this proposal. First, HS nebulisation has been extensively studied in COPD
patients, in whom it can be used to perform sputum induction [16]. Several studies have documented the risk
of adverse airway reaction, characterised by increased dyspnoea, decreased oxygen saturation and/or clinically
significant decrease in forced expiratory volume in 1 s [17, 18]. Although these effects were generally regarded
as mild in the context of experimental sputum induction in a medical setting, they occurred frequently, which
raises concerns on the possibility of using long-term HS in patients with COPD at home. Secondly, although
the suggestion of using both hypertonic and hypotonic saline in sequential ways for restoring the response of
airway epithelium to HS in patients with milder diseases is appealing, the safety of this strategy will have to be
tested as both hypertonic and hypotonic saline were reported to induce bronchoconstriction in patients with
asthma [19]. Finally, the findings by GORALSKI et al. [15] that HS nebulisation induces the release of interleukin
(IL)-8, a potent neutrophil chemoattractant, from cultured epithelial cells could be a matter of concern.
Comparable findings were also reported in animal studies in mice [20] and HS nebulisation has been
suggested to promote the release of preformed inflammatory mediators from airway epithelial and/or mast
cells in human airways [17, 21]. However, IL-8 levels in sputum did not differ after isotonic saline versus HS
inhalation in patients with COPD [22], and HS has also been reported to promote proteolytic degradation of
IL-8 in CF airways, resulting in decreased IL-8 content [23]. Thus, we suggest that the clinical meaning of IL-8
increase by HS in experimental models remains currently unknown.

In the end, the elegant in vitro studies by GORALSKI et al. [15] suggest that 1) the beneficial effect of HS may
not be limited to CF and could be extended to other chronic airway diseases in which mucus hypersecretion
occurs, and 2) administration regimens used in CF may not be strictly transposable to other chronic airway
diseases, especially in milder forms of disease with less concentrated airway mucus. To date, clinical trials
performed in diseases other than CF have lacked sufficient number of patients and/or evaluated only
relatively short-term periods of treatment with outcomes such as lung function and/or quality of life.
Appropriate long-term clinical trials will be necessary to confirm the hypothesis that “curing” (i.e. preserving
by adding salt) the bronchi will result in increased mucociliary clearance and meaningful clinical benefits
(e.g. improvement in pulmonary exacerbations) in patients with non-CF chronic airway diseases.
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